The influence of the feed material on steady vibrations as well as on the transient resonance during the start-up and coasting of the suspended screen, was analysed in the hereby paper. The influence of the feed material presence on the possibility of performing the first half-turn of the vibrator was also established. The original, feed material simulation model reflecting its layer properties and diversification of feed particles vibrations along the screen riddle -specially developed for this aim -was applied in investigations.
Introduction
The proper technological process of a screen requires maintaining the correct value of the coefficient of throw, it means the amplitude and vibration frequency as well as, usually, a translatory character of the machine body motion (Banaszewski, 1990) . The last condition is attributed both to relations in the system: feed -machine body and to the proper self-synchronisation of vibrators (Michalczyk & Cieplok, 2014) .
Majority of these factors are influenced by the carried feed (Śvacha, 1971; Michalczyk, 1995; Michalczyk & Czubak, 2010) . In addition there is a significant feed influence on transient processes, including the transient resonance during a start-up (Michalczyk & Czubak, 2010) or overcoming a circum resonant stall (Michalczyk & Cieplok & Bednarski, 2010) . On account of calculation difficulties related to a variable structure of a system, analytical calculating methods currently applied in selecting work parameters of screens and other machines of a similar work character are mainly based on the analysis of an unloaded machine motion (Blechman, 1994; Goździecki & Świątkiewicz, 1975; Turkiewicz & Banaszewski, 1982; Banaszewski, 1990; Goncharevich & Frolov & Rivin, 1990) . That is why simulation methods are important and the demand for simulation models representing the dynamics of the system: machine -feed, still growing.
Out of works undertaking the problem of a feed influence on the vibratory machine operation -with a special considering of machines for material classifying and short distance transport -the work of V. Plavinski should be mentioned (Plavinskij, 1969) , which presents the experimental tests results concerning the feed influence on the machine vibrations amplitude in a steady state. The dependence of the equivalent amplitude (a motion is not exactly harmonic) of the riddle vibration was proposed in this study for the case of over-resonance machine: ( 1) where:
λ -according to Fig. 1 , m -feed mass, m o -riddle mass, m n , e -vibrator unbalanced mass and eccentric, respectively. Fig. 1 . Nomogram for the coefficient λ determination k p -coefficient of throw, determined as a ratio of the amplitude component, perpendicular to the machine work surface, of the acceleration in vibrating motion to the acceleration of gravity component, perpendicular to this surface. To determine preliminarily (without a feed taken into account) this coefficient value, λ = 0 should be assumed at calculating the amplitude from equation (1).
Other studies from this scope are e.g. investigations of A. Czubak (Czubak & Michalczyk, 2001 ) concerning experimental determination force interactions of a feed on a vibrating surface, works of T. Banaszewski (Banaszewski, 1990) presenting investigations of a similar character and range, but in relation to the sieve screen deck as well as theoretical (Michalczyk, 1995) and simulation studies (Czubak & Michalczyk, 2001) . The last of the mentioned works contains the description of the feed influence both on the machine body motion and vibrator running and its excitation force waveform, but it concerns only the machine performing a perpendicular translatory motion. The newest studies are focused on problems of modelling loose feed materials by means of discrete elements (DEM), usually spherical or spherically derivative (Sinnott & Cleary, 2009; Krulle et al., 2007) , however without taking into account the feed influence of the machine motion and drive system running.
Mathematical model of the system
The typical mining vibration screen, suspended type, presented schematically in Fig. 2 , constitutes the subject of the analysis. , e -vibrator unbalanced mass and its eccentric, c n -mass centre of m n , k -elastic constants of suspension system springs, β -riddle inclination angle, δ i -out of plumb angles of ropes during vibrations. i = 1,2, x,y,α -absolute co-ordinate system assumed at the static balance point, used for determining coordinates x(t), y(t) of the mass centre c o and the machine body angle of rotation α(t). φ -vibrator angle of rotation (calculated in the absolute system, as in Figure 2 ), l 1 , l 2 -total length of the suspension rope at the static balance point of the system, m -feed mass together with undersize particles (if they are carried by a riddle), remaining notations as in Figure 2 .
Mathematical model of the machine without a feed was presented in paper (Michalczyk & Cieplok, 2015) . This model was supplemented in the present paper, with dynamic equations describing the feed motion. The feed model was based on experimental tests (Czubak, 1964) , in which it was shown that the loose feed was moving on the vibrating surface in a form of mutually displacing layers. The form of the feed model was based on the experimentally verified model presented in paper (Czubak & Michalczyk, 2001) .
Dynamic equations of motion of the screen are written as: 
Where, apart from notations in Fig. 2 , the following was assumed:
J cn -central moment of inertia of unbalanced vibrator elements with the reduced moment of inertia of the engine rotor and power transmission elements (a drive placed on separately -was assumed), M o -anti-torque moment in vibrator bearings;
M -engine drive moment, P x , P y -components of vibrator interaction forces acting on the machine body, S xi , S yi -rope tension components S i , i = 1,2, T 00,ij , F 00,ij -feed interaction forces acting on the sieve, Q x , Q y -components of interaction forces of a feed material -fed and collected from a sieve. Remaining notations as in Fig. 2 .
Components of the rope tension were determined at the assumption that: a)
where: A H max -maximal resonance amplitude of the rope fastening points to the machine body -in the horizontal direction.
b) Static deflection of springs is larger than the maximal resonance amplitude of the rope fastening points to the machine body -in the vertical direction A V1,2 max :
That time, tensions S 1 , S 2 of ropes l 1 ,l 2 can be determined from the dependence:
where the description of elastic-damping forces of the hysteresis type was assumed acc. to (Michalczyk, 2008) , while the suspension rope elongation from the static equilibrium position and their time derivatives were described by approximate dependencies:
Tension forces components are of the form:
where deflection angles of ropes are determined by dependencies:
The feed was modelled in a layer-column form at the assumption of a continuity of layers along the riddle, Fig. 3 : Fig. 3 . Model of the feed Contact forces F ij, ij of the impact type in y direction, where: i -row number, j -column number, occurring between the sieve of screen and the feed bottom layer were described by dependencies given by (Michalczyk, 2008) . For the contact of the first layer columns (i = 1) with the sieve they have a form: 
where: R -coefficient of restitution, d 1,2 -as in Fig. 2 , while e.g. F 00,12 symbol denotes the force perpendicular to the riddle surface transferred by the sieve to the feed element placed in the first layer, second column.
When there is no contact these forces have to meet the zeroing conditions: 
Influence of the feed material on riddle motion, connected with its charging and dumping. Apart from -taken into account above -influences of layers being on the sieve, the influences related to a feed mass variability due to its feeding and loosing in a form of undersize and oversize particles should be imposed -in a general case -on the screen riddle.
In the steady state these forces are of a quasi-steady character and do not have any dynamic effect. They only insignificantly change the riddle balance point in a space, which allows their omission at creating the system model.
Simulation investigations
The following values of parameters were assumed: The total mass of feed material was changed within a range: 0.1 to 0.4 of the screen riddle mass m o , R = 0, k 0 , k 1 = 10000000 N/m, u = 0.4
The screen parameters were assumed as in paper (Michalczyk & Cieplok, 2015) . • Problem of the fi rst half-turn In some cases (especially at increased resistances to motion in the winter time) the vibrator start-up can be stopped due to a diffi culty of the fi rst lifting of an unbalanced mass. Since this problem is discussed in references (e.g. Banaszewski.1990 ) without taking into account the machine body fl uctuations and the feed material infl uence, the simulation method was applied in the hereby paper to asses the feed material infl uence on the possibility of performing the fi rst half-turn. Table 3 shows the engine driving moment values required for performing the fi rst half-turn at increased resistances to motion, in dependence of the ratio of the feed material mass to the machine riddle mass. As can be seen from the given data, the feed material presence does not influence significantly the easiness of performing the vibrator first half-turn.
b) Steady state
The steady state analysis of the screen operation was performed for two values of the coefficient of throw -3.2 and 5.4, for various feed material amounts from a range: 0.001 (which represents the lack of the feed) to 0.4 of the riddle mass. Vibration waveforms of individual columns and layers in the perpendicular direction towards the sieve (y) for various coefficients of throw and feed masses, are presented in diagrams below. Values of amplitudes of the screen riddle along x and y axes as well as the average transport velocity of the feed material along the riddle are given below the diagrams. 
Conclusions
The conclusions shown below are drawn on the bases of the results of the performed simulation investigations of the feed material influence on the operations of the suspended screen. 1 o . The feed material presence does not change the fact that in transient states the vibration amplitudes, in all motion directions, are usually higher during coastings than during start-ups. 2 o . The feed material presence significantly lowers (up to 2-times for coasting) maximal vibration amplitudes in the transient resonance in the direction y, perpendicular to the sieve. This is important since vibrations in this direction are usually sources of high dynamic reactions influencing the environment. This effect is probably related to the increased -due to the feed material presence -damping and inertia in the system limiting the maximum values of amplitudes. 3 o . In the remaining directions of motion: x and α the feed material presence does not explicitly influence maximal amplitudes in transient states. However -by decreasing vibration amplitudes -it decreases the vibratory moment being of the damping character and due to that causes a prolongation of the vibrator coasting. 4 o . Changes in the feed material amount on the riddle, in the range from 0 to 40% of its mass, do not visibly influence the engine driving moment required for performing the first half-turn. 5 o . The feed material presence reduces the vibrations amplitudes of the riddle -in the steady state -more intensely when the coefficient of throw is lower than 3.3 (up to 9% when the mass of the feed constitutes 40% of the mass of the riddle m o ) and less intensely (only up to 6%) when this coefficient exceeds 3.3. 6
o . An increased mass of the feed material makes flying of sieved particles more steady and causes their shaking process more regular and in conformity with the theory of a material point movement on vibrating surfaces (single-stroke motion for the coefficient of throw values lower than 3.3 and double-stroke motion for its higher values). 7 o . Increasing the mass of the feed material in a range from 0.1 to 0.4 of the mass of the riddle influences the transport velocity differently in dependence of the coefficient of throw value. For the coefficient of throw being 3.2 increasing the feed amount above 0.1 of the riddle mass increases the average transport velocity up to app. 25%. When the coefficient of throw is 5.4 increasing of the feed amount causes at first a small increase of the average transport velocity of the feed along the sieve of the suspended screen followed by its significant decrease to a half of maximuml value.
